The Transportable Array (TA) component of USArray has recently begun to make its way into Eastern North America, and can be expected to provide improvements in imaging capability of at least the magnitude currently demonstrated in the western U.S. Ongoing and new experiments in Canada are also expected to contribute substantially to our knowledge of the velocity structure east of the Rockies. We invite contributions on current knowledge of the structure of the crust and upper mantle beneath Eastern North America, derived from active source studies, passive-source and noise tomography, and other geophysical methods.
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Ground Motion Scaling and Attenuation Relations in Eastern North America
Oral Session -Tuesday AM, October 6
The lack of large earthquakes in the Central and Eastern United States hobbles the development of ground motion relations for these infrequent events. Recordings of moderate earthquakes at regional distances are characteristically used to estimate near-field ground motions for large earthquakes, but require attenuation relations and source scaling relations specific to the CEUS and Eastern Canada. For this session, we invite papers on all aspects of the problem of predicting ground motion from large earthquakes in the CEUS and Eastern Canada.
Conveners
Please remember that you are allocated 20 minutes total. This includes time for you to be introduced, give your presentation, answer any questions, and do any wrap-up. Therefore, plan your actual presentation for no more than 15 minutes. We have a tight schedule, and it is important that each presenter stay within the time limit.
Poster Information
Your poster boards will be in the Lamont Hall. The poster area will open at 8:30 AM, 30 minutes before the sessions begin each day. Please hang your posters before 9:30 AM the day of your session if possible. Your poster will need to be taken down by 5:30 PM the day of your session.
When you get to the meeting, you will be asked to post a notice at your poster as to what specific time(s) you will be at the poster site.
The poster board usable space is 3 ft 9 inches high x 6 ft wide. We will provide push pins.
EASTERN SECTION OF THE SEISMOLOGICAL SOCIETY OF AMERICA THE 81ST ANNUAL MEETING, 2009
Monday 5 October 9:00-9:10 WELCOME/OPENING REMARKS (Host: Won-Young Kim, LDEO) We perform statistical goodness-of-fit analyses to quantitatively compare the predictive abilities of the recent models NGA West models. The prediction accuracy of the models is compared using several testing subsets of the master database used to develop the NGA models. Using these subsets, we compare the predictive capabilities of the models for soil and rock sites for both mainshocks and aftershocks. Somewhat surprisingly, the simpler NGA models perform better than the models of greater complexity when tested on the most comprehensive subsets. By comparing the predictor variables and performance of different models, we discuss the sources of uncertainty in the estimates of ground motion parameters and offer recommendations for model development. The decisions that model developers make during the selection of their regression datasets, such as the inclusion of aftershocks and determination of distance cutoffs, can greatly affect the models predictive capabilities. As the results of this study suggest, increased model complexity does not necessarily lead to increased prediction accuracy. This paper attempts to present a model validation framework to assess prediction accuracy of ground motion prediction relations and aid in their future development. Atkinson (2004) . We fit Brune spectral shapes to the corrected source spectra by matching the low-frequency (0.1 Hz) displacement and high-frequency (from 5 to 20 Hz) acceleration spectral levels. The source spectrum for the M 4.0 Bar Harbor earthquake fits the Brune spectrum from 0.1 to 10 Hz while the source spectra for the three larger earthquakes fall below the Brune spectra from 0.2 to 5 Hz by as much as a factor of 3. The Brune stress drops for the four earthquakes range from 14 to 260 bars, and correlate strongly with hypocentral depth. The M 4.0 Bar Harbor earthquake, at 2 km depth, has the weakest stress drop, and the M 4.4 Cap Rouge earthquake, at 22 km depth, has the strongest. Precariously balanced rocks (PBRs) in arid regions of southern California and Nevada have been exposed to many large nearby earthquakes over thousands of years, and thus can provide a strong statistical constraint on earthquake source excitation and ground motion attenuation. Some areas exhibit strong attenuation of ground motion typical of extensionally faulted high heat flow regions (e.g., Salton Trough, CA). On the other hand some areas show very low attenuation similar to that of the Eastern U.S. (e.g., the Peninsular Ranges of Baja California -Southern California). PBRs suggest that near-source ground motion is low near short faults in rigid basement and near trans-tensional sections of faults, and, conversely, higher near long straight sections of faults (possibly due to directivity).The Baja California M6.8 earthquake in a solid granite batholith had very low near-source ground motion but anomalously high ground motions at large distances in S. California (similar to some cases in eastern North America). Smaller earthquakes confirm the low attenuation. The low attenuation correlates with a relatively uniform, un-faulted continental crust with low heat flow, similar to the crust in eastern North America. We compare the data with ground motion attenuation curves for both western and eastern North America, and discuss implications for earthquake hazard.
EARTHSCOPES TRANSPORTABLE ARRAY; CURRENT PROGRESS AND FUTURE PLANS
BUSBY, Robert W., WOODWARD, Robert, SIMPSON, David, HAFNER, Katrin IRIS, Washington DC 20005 The Transportable Array (TA) element of Earthscope/ US Array is a large deployment of 400 high quality broadband seismographs. The construction of this array began in September 2003 and the full deployment is now continuously rolling from west to east across the continental US, requiring the installation (and removal) of approximately 18 stations each month for a ten year period. New stations have been installed in 2009 in a north-south swath extending from North Dakota to Texas. Stations were removed in from Arizona northward to western Montana. We provide updates to equipment additions made to the TA, and plans for future activities. Equipment improvements include power regulation for sensors and the addition of data channels recording temperature and barometric pressure. Additional data channels are available that could be used for auxiliary sensors such as infrasound. On-site data recording hardware has been improved to reduce the time required before the final and complete archival data are released. The network up-time has averaged greater that 95%. The final data archiving for a TA station, which includes full quality control and fills in any remaining data gaps, takes place a few months after the station has been removed. New equipment and procedures shorten this time, so that complete, updated archival data are available within a few months after real-time acquisition. The TA now produces a narrative archival report for each station called a Station Digest. This report summarizes the details about the equipment, station performance and service history and is available as a Data Product from the IRIS Data Management Center. We discuss plans to deploy TA stations into the southeastern Canadian provinces of Ontario and Quebec, in cooperation with the Geological Survey of Canada and Canadian researchers in the Great Lakes region, beginning in 2011. The TA deployment is also leaving behind legacy stations, as a number of TA stations remain operational under the Station Adoption program, and numerous seismic vaults have been transferred to other institutions for further studies. The Transportable Array is operated by the IRIS Consortium, and is part of the EarthScope Program sponsored by the National Science Foundation.
NEXT GENERATION ATTENUATION (NGA) EAST GROUND MOTION DATABASE: ISSUES AND INITIAL EFFORT
CRAMER, Chris, KUTLIROFF, Jerome, and DANGKUA, Donny, Center for Earthquake Research and Information, University of Memphis, Memphis, TN 38152-3050, ccramer@memphis.edu The U.S. Nuclear Regulatory Commission has funded our initial effort of developing an eastern North America database of ground motions, which has focused on collecting data for M > 4 earthquakes in the CEUS and southeast Canada, mostly since January 1, 2000. We selected 24 events with moment magnitudes of M 4.0 and greater between 25N and 55N latitude and 65W and 100W longitude. In addition we have added data from the 2008 M5.2 Mt. Carmel, Illinois earthquake and three M4 aftershocks. Waveforms and ancillary information were downloaded from the IRIS data center (USGS ANSS and Lamont Doherty Cooperative Network) and the Canadian national data center (CNDC). Additional data for some events were obtained from the Center for Earthquake Research and Information, St. Louis University, Virginia Institute of Technology, and Weston Observatory. Available source and site information has also been collected for these events and recordings. Collected broadband and accelerometer records have been instrument corrected and bandpass filtered based on event and pre-event spectral signal-to-noise. Additional quality control efforts include examining waveforms and looking for amplitude-distance outliers for each event to identify poles/zeros file and instrument problems. Initial comparisons to current ENA ground motion attenuation relations suggest good correspondence with site-condition corrected observations from the 2005 M5.0 Riviere du Loup and 2008 M5.2 Mt. Carmel earthquakes, particularly at distances less than 100 km. However, alternative magnitude determinations for the same event can vary by 0.2 magnitude units, which can affect attenuation interpretations and comparisons significantly. Issues to be addressed for NGA East include proper assigning of event magnitude, need for more observations less than 100 km, need for stable continental region observations for M>6, examination for radiation/source effects, and limited availability of station Vs data.
EARTHQUAKE RECURRENCE VARIABILITY: LIMITATIONS OF FEW INTERVALS
CRAMER, Chris, Center for Earthquake Research and Information, University of Memphis, TN 38152-3050, ccramer@memphis.edu
In developing time dependent seismic hazard estimates for the New Madrid and Charleston seismic zones, the limited number of recurrence interval observations (3 or less) can provide a reasonable estimate of mean recurrence but not an estimate of variability. The approach used in estimating the mean recurrence interval is to fit a lognormal distribution to a Monte Carlo sampling of recurrence interval estimates that include their uncertainty (Cramer et al., 2000; Cramer, 2001) . A lognormal distribution is preferred over a normal one because a normal distribution allows lower-tail negative values and a lognormal distribution is limited to positive values. Using 1000 samples based on uncertainty in dating of three earthquake occurrences does not inherently improve the statistics of small numbers in the case of the New Madrid seismic zone and still leads to an underestimate of variability. Another example of underestimation of the lognormal standard deviation (intrinsic sigma) is Nishenko and Buland (1987) who used short sequences (5 or less, except one event in Japan with 9) at several plate boundaries for a worldwide estimate for intrinsic sigma of 0.21. Ellsworth et al., 1999 used longer sequences of recurrence intervals to obtain a distribution of worldwide intrinsic sigma centered at 0.5. Specific examples reinforce the increase in estimated variability with increasing number of recurrence intervals due to better sampling of the distribution tails. Some Examples of Possible Earthquake Anomalies of Remote Sensing Information in China During the last decades, scientists have made some progress in using remote sensing to find earthquake anomalies. In this paper, some cases are showed in China. 1. 2000 Yaoan earthquake Yaoan Ms 6.5 earthquake occurred on Jan. 15th, 2000 in Yunnan, Southwest China. It was found there is obvious belt-like thermal anomaly along Honghe fault in 20 days before the mainshock. The brightness temperature inside fault belt is about 0-1.5 higher than the outside temperature in the normal period. But the temperature inside fault belt goes 2 higher than that outside the fault belt in most anomalous period. A seismic monitoring program began in 1982 to document earthquake activity in the northern Ontario portion of the Canadian Shield in order to quantify seismic hazard in this region of minor earthquake activity. More than 750 earthquakes were located in the region with Mn magnitudes ranging from 0.5 to 4.3. This detailed monitoring has: i) dropped the location threshold from 3.5 to about 2.0: ii) established the rate of Mw > 4 events as 0.03 per annum; iii) determined the b-value as 1.2; iv) used Rg-phase and a Regional Depth Phase Method to determine earthquake depths for the larger events; v) identified a non-random distribution of events and observed that much of the activity occurs as shallow swarms; and vi) identified areas where the earthquake depths are shallow (<6 km) and where the depths are deep (6-17 km).
DO MAGNETIC LINEAMENTS PROVIDE A USEFUL PROXY FOR SEISMOGENIC STRUCTURES IN SCRS?
EATON, David W., VASUDEVAN, Kris, Department of Geoscience, University of Calgary, Calgary, AB, T2N 1N4, Canada
In stable continental regions (SCRs), magnetic lineaments are sometimes employed to aid seismic hazard assessment under the assumption that they provide a proxy for locations and distribution of potential seismogenic faults. In this study, we test this assumption in two regions, by comparing observed magnetic lineaments with other published types of data (seismic profiles, geologic maps), along with patterns of seismicity documented in the GSCs online catalog. The first region contains the western Quebec seismic zone and the second is a seismically quiescent region containing the Great Slave Lake shear zone in the Northwest Territories. In both of these areas, Precambrian bedrock is well exposed and magnetic lineaments correlate with either dike swarms (sets of iron-rich tabular intrusive bodies) or shear zones, which are ancient, deeply eroded fault zones. We locate and characterize magnetic lineaments using skeletonization, a flexible pattern-recognition technique that can be applied to both seismic profiles and magnetic grids. On seismic profiles in western Quebec, large shear zones are often expressed as bands of reflectivity, although dike swarms are typically not discernible due to their near-vertical orientation. In these areas we find that there is no obvious systematic relationship between magnetic lineaments and seismicity. In western Quebec, there is abundant seismicity, but no evidence for correlation with magnetic lineaments. The Great Slave Lake shear zone of the Northwest Territories is an ancient strike-slip fault analogous to the San Andreas fault. It contains well defined lineaments, but none appear to be associated with any observed earthquake activity. Taken together, our results imply that linearity of features on aeromagnetic maps is insufficient evidence, by itself, to justify concerns about elevated seismic risk. This does not imply that basement structures are unimportant for hazard studies in stable continental regions; it merely indicates that more in-depth analysis of crustal structure is needed before definitive conclusions can be reached.
ANALYSIS OF AFTERSHOCK AND FORESHOCK ACTIVITY IN STABLE CONTINENTAL REGIONS: IMPLICATIONS FOR AFTERSHOCK FORECASTING AND THE HAZARD OF STRONG EARTHQUAKES
EBEL, John E., Weston Observatory, Department of Geology and Geophysics, Boston College, Weston, MA 02493, ebel@bc.edu
The Omori-law aftershock parameters for 13 earthquakes in stable continental regions (SCRs) globally are found to distribute in the same way as those for California aftershock sequences. Of 19 SCR mainshocks with M6.0 since 1968, 8 had their largest aftershock within 5 days of the mainshock and 11 within 30 days of the mainshock. The mean magnitude difference between the mainshock and the largest aftershock of these 19 SCR events is 1.4 .7 magnitude units, with a range from 0.3 to 3.6 magnitude units. From 1968 to 2003 the rate at which SCR earthquakes of M4.5 worldwide were followed by a comparable or larger earthquake within the next 30 days is 5%. These statistics can be used to produce aftershock forecasts for strong SCR earthquakes and to estimate the chances that an SCR earthquake of M4.5 will be followed by a larger seismic event within the next month. In particular, they can be used as the basis of aftershock forecasts for mainshocks that take place in eastern North America. is where to place a limited number of instruments to collect strong ground-motion data from future earthquakes, especially near-source recordings of strong earthquakes. Given the earthquake rate in the CEUS, a careful strategy must be followed in siting strong-motion instrumentation both to maximize the number of strong-motion recordings that are obtained and to optimize the chances of acquiring near-source ground-motion records for the strongest earthquakes that will take place during the next 1-2 decades. I propose a strategy based on the past earthquake history and the assumption that a similar pattern of earthquakes will follow in the near future. I have constructed maps that show where the strongest ground motions have been most frequently experienced in the central U.S., the northeastern U.S., and the southeastern U.S. during the past century. For each map, the earthquakes with estimated magnitude of 4.5 and greater were selected, and pga maps were computed using the ground-motion attenuation relations of Atkinson and Boore (2006) . The areas within the 0.01g pga contours indicate where the strongest ground motions were experienced. In the central U.S., pga0.01g was most frequently experienced in the New Madrid seismic zone and in southeastern Illinois near Indiana. Curiously, the center of Arkansas, north-central Illinois, and north-central Alabama also are places where strong-motion instrumentation might be considered. In the northeastern US multiple of episodes of pga0.01g occurred in northern Maine, central New Hampshire, and the Adirondack Mountains of northeastern New York. Easternmost coastal Maine and western New York each experienced two episodes of shaking with pga0.01g. In the southeastern U.S. the localities where future ground motions with pga0.01g might occur appear to be in eastern Tennessee, central Kentucky, eastern Georgia, and South Carolina near Charleston.
A TEST OF THE PALEOSEISMICITY MODEL IN THE EPICENTRAL AREA OF THE 1727 NEWBURY, MASSACHUSETTS EARTHQUAKE EBEL, John E., SMITH, Dina M., Weston Observatory, Department of Geology and Geophysics, Boston College, Weston, MA 02493
In 1727 there was an earthquake in northeastern Massachusetts near the town of Newbury, a shock that was felt throughout coastal New England and as far southwest as Philadelphia. The earthquake caused modified Mercalli intensity (MMI) VII effects in the Newbury area. Currently there are four portable seismographs deployed in the epicentral area of the 1727 Newbury, MA earthquake in order to test the "paleoseismicity model" proposed by Ebel et al. (2000) , in which much of the routine seismicity of the central and eastern U.S. (CEUS) is regarded as aftershocks of earthquakes that occurred decades, hundreds, or even a few thousand years ago. A specific statistical test of the paleoseismicity model is being carried out by conducting a survey of small earthquakes in the inferred epicentral area of the 1727 Newbury, MA earthquake. If the paleoseismicity model is correct, this monitoring should yield the detection of about 12 M 0.0 and many smaller microearthquakes per year in the study area. The paleoseismicity model suggests that these events should be spatially clustered on the historic fault plane. Thus, just a couple of years of microearthquake monitoring by several portable seismic stations in the Newbury area should yield enough data to verify the paleoseismicity model in a statistically significant way. In turn, this would allow an assessment of whether or not the paleoseismicity model might be more generally applicable in the CEUS. So far, a couple small earthquakes in the Newbury area have been recorded by the portable instruments as well as the New England Seismic Network seismographs. More careful analysis must still be carried out to look for smaller microearthquakes in the data being collected.
SURFACE-WAVE PHASE-VELOCITY MODELS AND ARRIVAL ANGLE VARIATIONS ESTIMATED FROM USARRAY DATA
FOSTER, Anna, EKSTRÖM, Göran, HJORLEIFSDOTTIR, Vala, LDEO/Columbia University, Palisades, NY 10964 USA The USArray Transportable Array provides a continuing source of new data as it makes its way eastward across the United States. We use a two-station method based on ray theory to make phase-anomaly measurements for Love and Rayleigh waves at 25-100 seconds period. These phase measurements are inverted for phase velocity models at discrete periods, providing insight to the structure of the crust and upper mantle down to approximately 150 km. To improve these phase velocity models, we investigate the single-plane wave, great-circle path propagation assumed in our method by making estimates of the arrival angle for seismic waves recorded across the array. We make single-station phase measurements using the method of Ekström, Tromp, and Larson (1997) , and use equal-phase contours to visualize the wavefront for a given event.
Varying amounts of deviation from the plane-wave assumptions inherent in traditional two-station methods are observed. Using both USArray data and synthetic seismograms calculated from a 3-D Earth model, we estimate the arrival angle at each station using the geometry of these wavefronts and calculate a corrected inter-station phase value to test the effects of the deviations on two-station measurements. In most cases, corrections are small, in agreement with previous studies, and the synthetic arrival angle estimates are consistent with those made from real data. Thus, these corrections do not explain the sometimes large differences in the observed phase of waves propagating in opposite directions along the same inter-station path. To examine the effects of far-field anomalies on propagation, we estimate the average arrival angle for the entire regional array for a single event, fitting an apparent source location to the observed phase measurements. This is done for events around the globe, and yields a best-fit arrival angle that varies with frequency and shows systematic variations with event back azimuth, providing information about the source-to-array path.
A THREE-DIMENSIONAL MODEL OF CRUSTAL STRUCTURE IN THE CENTRAL AND EASTERN US DERIVED FROM RECEIVER FUNCTIONS AND BROADBAND AMBIENT-NOISE SURFACE WAVES
GAHERTY, J.B., Lamont-Doherty Earth Observatory, Palisades, NY 10964, Gaherty@ldeo.columbia.edu; LEVIN, V., Dept of Earth and Planetary Sciences, Rutgers Univ., Piscataway, NJ 08854; DALTON, C. Dept of Earth Sciences, Boston Univ., Boston, MA 02910 A comprehensive understanding of seismic hazard in the Central and Eastern US (CEUS) requires accurate depths and moment tensors of regional earthquakes. Currently estimation of such parameters for CEUS earthquakes is limited to events with M > 4, in part because smaller events cannot be modeled using available 1D crustal models. We construct new 3D models of crustal structure for the CEUS east of 100 o W. These wavespeed models are derived from two types of data: (1) Rayleigh-wave group velocities in the period range 8-30 s between 72 ANSS and other broadband stations in the region, generated through cross-correlation of ground-motion noise (i.e. ambientnoise Green's functions); and (2) receiver-function measurements beneath approximately the same seismic stations, which provide localized estimates of Moho depth and crustal stratification. We have compiled ambient-noise Green's functions from one year of data, producing Rayleigh waveforms for over 1000 station-station paths with sufficient signal-to-noise ratio (>5) for group-velocity analysis, and we have generated Ps receiver functions for over 45 stations. We have constructed a crustal model with P and S velocities defined in three layers (sediment, upper crust, and lower crust) on a 0.25x0.25 degree grid, using model Crust 2.0 as a starting model. The group velocities and receiver function (P-s) travel times are inverted for variations in P-and S-velocities and layer boundary depths across the region. This simply parameterized model characterizes lateral variations in crustal structure within the eastern United States in a form that is useful for earthquake source studies. The model and software to manipulate it will be made available through the website for the Lamont Cooperative Seismic Network (LCSN). Within the next ten days a swarm of over 100 events ranging in magnitude from 1.0 to 3.9 mN were located.The focal mechanism of the main shock was found to be predominantly thrust faulting with an EW striking plane, and the depth was found to be shallow (less than 5km). This is supported by the strong Rg-phases seen on the waveforms for the main event, as well as most of the aftershocks.Although this region has experienced earthquakes in the past, the normal rate of earthquakes for this small area has averaged only 1 M > 3.5 every 10 years since 1985. Historically this region has seen swarms and larger events, notably in 1952 when there was a series of five M 4+ events over two days. Given the network at the time, any smaller events were likely not locatable. The network in the region improved significantly with the addition of over 15 POLARIS installations starting in 2006/09. This has dropped the location completeness threshold from ~M3.5 down to ~M2.5.
(YET) ANOTHER NEW LOOK AT THE 1811-1812 NEW MADRID EARTHQUAKES: TAKING THE "I" OUT OF INTENSITY ANALYSIS HOUGH, Susan E., U.S. Geological Survey, Pasadena, California, 91106, hough@usgs.gov Documented macroseismic effects provide the most direct constraint on magnitudes of the 1811-1812 New Madrid mainshocks and large aftershocks, as well as an important reality check on predicted ground motions from future large events. The first critical step in analysis of macroseismic observations is the assignment of intensity values. The uncertainties associated with these interpretations are occasionally the subject of discussion but are rarely, if ever, explored systematically. The reinterpreted intensity values determined by Hough et al. (2000) for the 1811-1812 New Madrid mainshocks, for example, are systematically lower than values assigned earlier by Nuttli (1973) and Street (1982) , leading to lower magnitude estimates. To explore the uncertainties associated with intensity assignments and develop a set of consensus intensities for the four principal New Madrid events, extant archival accounts were made available to four researchers with experience analyzing historical earthquakes. The independent assignments were then averaged, resulting in 84 intensity estimates for the 12/16/1811 mainshock and 45-49 estimates for the 1/23/1812 and 2/7/1812 mainshocks and the "dawn aftershock" on 12/16/1811. The consensus values are generally lower than those assigned by Hough et al. (2000) . Using the method of Bakun and Wentworth (1997) with two published attenuation models for the CEUS, intensity magnitude estimates range from M L 6.5-7.0 for the December mainshock, dawn aftershock, and January mainshock, and M L 7.3-7.6 for the February mainshock. These results reveal that uncertainties in intensity assignments contribute significantly to uncertainties in magnitude estimates. For the 12/16/1811 mainshock, magnitude estimates based on assignments by individual experts vary over a range of 0.3 units. The primary operational objectives of a tsunami warning system are: Rapidly locate, size, and characterize major earthquakes, Determine their tsunamigenic potential, Forecast tsunami impact, and Disseminate the appropriate information. The level of tsunami hazard to the Atlantic Coast of North America is difficult to assess because of the absence of historical tsunami records, and the large uncertainty in the recurrence interval of significant events. Large transoceanic tsunamis may be generated by major earthquakes west of Portugal as well as from the Puerto Rico Subduction Zone. The West Coast and Alaska Tsunami Warning Center (WC/ATWC) seismic detection system includes about 400 stations, many of which are located in the Eastern U.S. The system uses a regional coherent energy associator that automatically detects and locates 97% of global earthquakes magnitude 5.5 and above. In addition, we are also enhancing detection capability through the recent implementation of a neural network trained to differentiate between seismic signals generated by earthquakes and those generated by ambient and coherent noise. Another significant tsunami hazard for this region is local submarine landslides that may cause concentrated damage to nearby communities. Surface and submarine landslides are often difficult to locate due to the emergent nature of the primary wave. However, landslides large enough to generate a dangerous tsunami produce high amplitude surface waves that may be used to determine the source location. A surface wave locator was developed at the WC/ATWC that tracks the peak of the Hilbert transform of the recorded Rayleigh wave packet. A least squares grid search is then performed that yields an optimal solution for both the location and the group velocity at specified frequencies. Seismic arrays and potentially hydrophones may also be used to detect submarine landslides. However, no significant damage from these earthquakes has been reported. A common feature of the Dillsburg, PA earthquake swarm and the two shallow earthquakes mentioned before is intense shaking around the epicentral area due to their shallow depth as well as perhaps, higher stress drops of these events that give rise to higher ground accelerations. We deployed portable seismographs around the Dillsburg, PA epicentral area for two months in 2008. We analyzed the microearthquake data in an attempt to address a set of questions. The first question is whether intraplate earthquakes are self-similar or whether there is a break down in stress drop scaling relations below a critical magnitude. Constant stress drop is widely accepted as a first order approximation for earthquakes that occur in plate boundaries globally, but a non constant scaling relationship has been proposed for Eastern North America. A breakdown in stress drop scaling relation implies changes in fault dimension with earthquake size within stable continental settings. The observed break down of selfsimilarity has been suggested as due to measurements made with severely band limited seismic data. That is, source corner frequencies determined from 40 to 100 samples/s data for earthquakes smaller than about magnitude Mw 3.0. We monitored aftershocks of the Dillsburg earthquake swarm with portable digital seismographs with sample rate between 250 to 500 samples/s to constrain source spectrum corner frequencies of small earthquakes. We analyzed S waves from small earthquakes using Empirical Green's Function method to minimize local site and path effects. Preliminary results indicate that corner frequencies range from 75 to 180 Hz for small earthquakes in the magnitude (Mw) range 0 to 1.
UPWARD CONTINUATION OF SURFACE WAVES AND NAKAMURAS H/V TECHNIQUE
LANGSTON, CHARLES A., CERI, University of Memphis, Memphis, TN 38152,clangstn@memphis.edu Nakamuras technique for understanding ambient noise H/V ratios relies on a series of empirical assumptions and simple wave propagation ideas. These include assuming that vertical and horizontal ground motions are equal at depth, that the horizontal component of ground motion becomes amplified but the vertical components do not, and that horizontal ground motion amplification is due to vertically propagating shear waves that constructively interfere in near surface, low velocity layers. Ambient ground motions in the period range of 3-5 sec in the Mississippi embayment have been shown to be primarily composed of fundamental and higher mode surface waves that propagate into the continent from oceanic waves interacting with the continental shelves. These surface waves are horizontally propagating and interact with the thick unconsolidated sediments in a complex way. A plane wave propagator matrix method is developed to create surface wave receiver functions to model observed ambient noise H/V ratios. Use of complex wave slowness for incident plane waves can mimic surface wave geometrical spreading and attenuation and serves to remove artificial singularities in computed H/V ratios. The propagator matrix technique also provides a way of directly propagating the H/V ratio at depth to the surface. In the case of the thick embayment sediments, the placement of the fundamental frequency of the H/V peak is mostly controlled by a robust spectral null in the vertical component motion but that much of the amplification does occur in the horizontal components. However, the amplitude of the spectral peak is not an appropriate measure of shear wave amplification from local earthquakes since it is strongly dependent on the wave slowness. These results are broadly consistent with Nakamuras assumptions but show that, in detail, the wave propagation is much more complex.
ON THERMAL INFRARED ANOMALIES BEFORE EARTHQUAKES FROM THE RELATIONSHIP BETWEEN SATELLITE INFRARED BRIGHTNESS TEMPERATURE AND TERRESTRIAL HEAT FLOW
MA Xiaojing,DENG zhihui,CHEN meihua,YANG zhuzhuan,GAO xianglin,Institute of Geology, China Earthquake Administration, Beijing,100029,China Most scholars agree that thermal anomalies on the earth surface would occur before some strong earthquakes. But it is debatable whether thermal anomalies can be observed by satellite remote sensing technology. By analyzing the relationship between thermal infrared brightness temperature and terrestrial heat flow, this thesis tries to discuss the probability on the observation of thermal anomalies before earthquakes using satellite remote sensing technology. If results indicate that rules between the brightness temperature and terrestrial heat flow in different regions are similar on the whole, then we can infer that there are highly significant correlations between them and it is possible to observe the thermal anomalies by satellite remote sensing technology. On the contrary, if results indicate that rules between the brightness temperature and terrestrial heat flow in different regions are very inconsistent, then we can infer that thermal anomalies are not always observed by satellite remote sensing technology. The results are as follows: (1) In most cases, brightness temperature increases with the terrestrial heat flow increasing and the average rate is 0.057/mWm -2 . If terrestrial heat flow anomaly resulted from an earthquake is 100 mWm -2 , there would be a satellite thermal infrared anomaly about 5.7. (2) The brightness temperature rates of change following terrestrial heat flow are different in different regions. That is to say there are different forms in different regions if satellite thermal infrared anomalies occur before earthquakes. (3) The relationship between brightness temperature and terrestrial heat flow is unclear in some regions and seasons. It may because the brightness temperature data is disturbed by meteorological factors. That implies that the thermal infrared brightness temperature anomalies are very complicated and they even cant be observed sometimes.
IMAGES OF LITHOSPHERIC STRUCTURE BENEATH CANADA USING S-WAVE RECEIVER FUNCTIONS
MILLER, Meghan S., University of Southern California, Los Angeles, CA, 90089, USA, msmiller@usc.edu; EATON, David W., University of Calgary, Calgary, AB, T2N 1N4, Canada, eatond@ucalgary.ca S-wave receiver functions are used to image the lithospheric structure along a southwest-northeast transect extending from Vancouver Island, across the Canadian Cordillera, Prairies and Shield to Baffin Island. The images were created using 90 teleseismic events with magnitudes greater than 6.0, in a distance range of 55 > 90 degrees recorded by 10 broadband stations. Receiver functions allow for detection of mantle discontinuities and provide constraints on the depth, sign and amplitude of velocity contrasts. We have chosen to use S receiver functions to image the lithosphere because Ps receiver functions often suffer from strong crustal multiple reflections in the range of ~10-25s (depending upon crustal thickness) following the P arrival. The conversions of elastic energy from shear to compressional (Sp) are not affected by multiple contamination, as the Sp phases appear as precursors to S. This allows for clear interpretation of boundaries in the depth range expected for tectonic plates (both subducted and continental).Along the entire transect across Canada the Moho is clearly imaged in the S receiver functions as a positive amplitude feature that increases in depth from 30km beneath Vancouver Island to almost 50 km beneath Baffin Island. In western Canada the images show a shallow lithosphere-asthenosphere boundary (LAB) beneath British Columbia (~85km) transitioning to a deeper LAB (100-150km) beneath the Rocky Mountains. The subducted Juan de Fuca slab can be traced beneath this to depths of ~300km, in basic agreement with previous studies. Beneath central Alberta and farther northeast the LAB becomes increasingly deep and reaches a maximum depth of ~250km beneath eastern Hudson Bay and Baffin Island. The amplitude of the LAB signal is variable throughout the region, perhaps reflecting regional differences in the sharpness of the boundary. In contrast to a number of previous studies in which the LAB beneath cratonic regions has proved difficult to map using SRFs, or the LAB appear to occur at depths that are significantly shallower other types of data, ours yield clear images that agree well with constraints from surface waves, magnetotelluric soundings and heat-flow modelling.
CORRELATION OF EARTHQUAKE EPICENTERS WITH GRAVITY ANOMALIES IN NEW YORK STATE
REVETTA. Frank A., Geology Department, SUNY Potsdam, Potsdam, NY 13676, USA, revettfa@potsdam.edu and MCCUSTER, Angus A., Geology Department, St. Lawrence University, Canton, NY 13617, USA.
Geographic Information System (GIS) technology is used on the undergraduate level as a teaching and research tool. The technology was used to create a map of earthquake epicenters and gravity measurements in New York State and Pennsylvania. The gravity and earthquake data collected by undergraduates at SUNY Potsdam and the Lamont Cooperative Seismic Network were converted to an ARCGIS grid. The gravity data and earthquake epicenter locations are displayed with political and state boundaries to study the relationships between gravity anomalies and earthquake epicenters. The project involves the compilation of 6500 gravity measurements and 370 earthquake epicenters.The compilation of both data sets to compile gravity seismicity maps revealed correlations between gravity anomalies and earthquake epicenters. An eastwest trending gravity high north of the Adirondacks in northern New York correlates with a belt of earthquakes of shallow depth. This is the most seismically active area in New York State. The large gravity anomalies and steep gradients indicate the anomalies have a shallow source in an outer brittle layer where the earthquake epicenters are located. In western New York, the earthquakes have a northwest trend, which correlates with a northwest trending gravity high. In southeastern New York, the epicenters lie along a northeast trending gravity gradient. The Scranton gravity high extending from Albany to Harrisburg has a deep-seated origin with few earthquake epicenters.
BROAD-SCALE APPLICABILITY OF CORRELATION DETECTORS TO CHINA AND PARKFIELD, CALIFORNIA, SEISMICITY SCHAFF, David P., WALDHAUSER, F., Lamont-Doherty Earth Observatory, Palisades, NY, 10964
We investigate the potential use of correlation detectors on a broad scale to improve seismic monitoring and reduce magnitude detection thresholds. Previous work has indicated from semi-empirical analysis and a case study in Xiuyan, China, that an order of magnitude improvement is possible comparing a correlation detector for similar events with a standard STA/LTA detector. This unit reduction in detection threshold is achieved with acceptably low false alarm rates of about one per day. Semi-similar events due to less than perfect matches arising from location and mechanism differences or source complexities can provide useful detections. Synthetic tests on 78,028 focal mechanisms indicate that statistically significant detections are still triggered for strike, dip, and rake variations as large as 55 degrees.The correlation techniques were then applied on a larger scale to 5,000 events at Parkfield, California, and 19,000 events in and near China. We are attempting to see how broadly applicable correlation methods can be applied to different tectonic settings and for what percentage of the seismicity. 111 million correlations were performed on Lg-waves for the events in China at 363 stations. Final results indicate two thirds of the 19,000 events can be detected by cross correlation using this relatively sparse regional network. For Parkfield 82% of the events studied can be detected by cross correlation. Correlation detection is able to find additional events beyond what standard processing detects for China (70% increase) and for Parkfield (factor of 10 increase like Gutenberg-Richter predicts). Most event separation distances for events that correlate at Parkfield are less than 1 km. Detection magnitude threshold reduction of about 1 unit holds for large scale application to the 19,000 events in China and 5,000 events in Parkfield with false alarm rates of a few percent. The earthquake history of South Carolina spans a period of over three centuries, and is dominated by the catastrophic Charleston earthquake of August 31, 1886. Today, the Summerville Charleston area remains both the most seismically active region, and the most significant seismogenic zone to affect South Carolina and the southeast United States. When considering South Carolina seismicity, the 1886 Charleston earthquake stands out as a logical point of reference. So, as a first step in chronicling the earthquake history of South Carolina we have chosen the roughly 200 year period encompassed by the first permanent European settlement of the State and the 1886 event as the beginning chapter in recorded South Carolina seismic history. Utilizing the current USGS earthquake catalog as the most complete and generally accepted catalog in use today we critically examined and compared its pre-1886 seismicity to that presented in 6 other published catalogs listing pre-1886 South Carolina earthquake data. Our intent was to verify each catalog entry using primary sources of information (original newspaper accounts and diaries) to accurately update and modify the existing catalog. Results of our re-evaluation revealed a few event location inconsistencies, fictitious events, and missed events. Eight, possibly 9, of the 23 pre-1886 events listed in the USGS catalog were found to be fictitious. Most all the fictitious events were attributed to either misprints or transcription errors appearing in secondary and/or tertiary sources, with 4 of the 8 originating from a single author. Two, perhaps 3, additional events not listed were also found. A heretofore unmentioned series of small events occurring in May, 1835 near a long ago abandoned Union County town is one example. What finally emerges from our efforts is a modified list containing 18 pre-1886 South Carolina earthquakes.
DISCOVERY OF PREHISTORIC RUINS NEAR ALLAH BUND IN KUTCH, INDIA.
TALWANI,Pradeep., MALHOTRA,Vivek., University of South Carolina, Columbia, SC, 29208
In the Rig Veda-the most ancient book in India (ca. 2500 BCE) there is mention of three rivers (Indus, Saraswati and Drishadvati) and possibly a fourth (Sutlej), that flowed from the Punjab in the northwest India to the Arabian sea. The tectonism that affected the outer Himalayas, the Aravalli hills, and the Kutch region, led to river capture in Punjab, and tilting to the north and northwest of the region in which these rivers flowed. These resulted in large changes in the courses of these rivers and in the amounts of water that they carried. By the time of the Mahabharata (ca. 900 BCE) the Saraswaati and Drishadvati had dried up, leaving behind tell-tale paleo-channels with ruins of ancient cities of the Indus-valley civilization on their banks. Malik et al. (1999) mapped possible paleo-channels of the deltas of these rivers in the northern reaches of the Rann of Kutch. The currently visible southward extents of these deltas terminate along the E-W Allah Bund, a south-facing fault scarp, about 4 to 6m high and about 90 km long, that was formed by the M 7.8 Kutch earthquake in 1819. While visiting the Allah Bund we discovered prehistoric ruins, with shards of baked clay pottery on the bank of one of the paleo-channel mapped by Malik et al.(1999) . We anticipate that the age of a sample shard will help us establish if this was a site occupied at the time of the Indus-Valley civilization, nearly 5,000 years ago, or one established in historical times that followed, and was destroyed by a major earthquake. A conceptual 3D flower structure model of strike-slip faulting is proposed to explain the occurrence of earthquakes in the New Madrid seismic zone(NMSZ)and to illustrate the potential rupture faults for the 1811-1812 earthquake sequences. The proposed model of the NMSZ is based on concepts of material failure under a stress field. Using a conceptual model of a strike-slip subsidiary fault array, we identify tectonic features that are oriented properly relative to regional stresses and classify the regions where stresses might be expected to be amplified.The upper crust in the vicinity of the NMSZ is modeled as a uniform overburden with a horizontal-basal surface, which rests on a horizontal ductile lower crust that is intersected by a vertical, right-lateral strike-slip shear zone. The brittle overburden material is subject to simple shearing stress parallel to the deep-seated lower crustal shear zone combined with an extension in the minimum stress direction or where expansion is caused by vertical uplift. The deepseated fault movement deforms the overlying upper crust that controls the structural geometry, the modern seismicity, and the large earthquake sequences in NMSZ. The proposed conceptual model of faulting shows that the Bootheel and Big Creek lineaments, inferred to be two subparallel shear faults rooted in the lower crust, are significant in shaping the geometry of the NMSZ. These series of faults produce a largescale flower structure in cross section. The results show that some component of the shear strain in the NMSZ left-stepover region between the two shear faults is accommodated by right-lateral slip on the Big Creek fault, rather than on the northeasttrending seismic zone along the axis of the Reelfoot rift. The model gives rise to a predictable pattern of surface deformation that is in good agreement with observed seismicity patterns in the region. We suggest that the conceptual NMSZ model of faulting developed in this study be used as an alternative working model for defining locations of possible earthquake sequences, fault ruptures scenarios, earthquake magnitudes, and hence the future seismic hazard of the area. Intraplate seismicity is localized in both thinly and densely populated regions of Ontario, Quebec and Nunavut in Canada. The reasons for the occurrence and periodicity of the intraplate earthquakes are not as well understood as the interplate earthquakes. Here, we propose a graph theoretic approach to extracting information from the physical structure of the network of recurrent seismic events that occur in space and time, and to providing an interpretation on the causality of seismic events. To this end, we have identified five areas for our study as defined by the following ranges of latitude/longitude values: area 1: 45°-48°/74°-80°; area 2: 42°-45°/76°-81°; area 3: 51°-55°/77°-83°; area 4: 45°-57°/80°-98°; and area 5: 56°-70°/65°-95°. In this work, using a recently proposed definition of recurrences based on record breaking processes (Phys. Rev. E 77, 066107, 2008) , we have constructed digraphs of the data extracted from the five areas (http://earthquakescanada.nrcan.gc.ca) with attributes drawn from the location of the events, the time of occurrences and the magnitude of the events. For a quantitative insight into the digraphs of the recurring events in space and time, we have examined the probability distributions of space-interval and time-interval recurrences for different magnitudes of earthquakes, the network properties such as the in-degree as well as the out-degree distributions for different magnitudes, and the clustering coefficient. To test for the presence of non-trivial spatiotemporal correlations and causal connections, we have carried out a series of Monte-Carlo simulations by reshuffling the spatial locations of the data without altering the time of occurrences. Here, we present the results of our study, compare them with similar ones obtained for a data set in an active, well-studied interplate region such as southern California, and draw certain conclusions about the physical structure of the intraplate seismicity in Canada.
REAL-TIME DOUBLE-DIFFERENCE SEISMIC MONITORING WALDHAUSER, Felix, Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY 10096 A real-time procedure is presented that uses cross-correlation and double-difference methods to rapidly relocate new seismic events with high precision relative to past events with accurately known locations. Waveforms of new events are automatically cross-correlated with those archived for nearby past events to measure accurate differential phase arrival times. These data, together with delay times computed from arrival time picks, are subsequently inverted for the vector connecting the new event to its neighboring events using the double-difference algorithm. The new seismic monitoring technique is tested with and applied to earthquakes recorded in Northern California, using near-real-time data feeds from the Northern California Seismic Network (NCSN) and the Northern California Earthquake Data Center (NCEDC), and a locally stored copy of the NCSN seismic archive. New events are automatically relocated in near-real-time (tens of seconds) relative to a high-resolution double-difference \earthquake catalog for Northern California. Back-testing using past events across Northern California indicates that the real-time solutions are on average within 0.08 km laterally and 0.24 km vertically of the double-difference catalog locations. We show that the precision with which new events are located using this technique will improve with time, helped by the continued increase in density of recorded earthquakes and growth of the digital seismic archives. Real-time double-difference location allows for monitoring spatio-temporal changes in seismogenic properties of active faults with unprecedented resolution and therefore has considerable social and economic impact in the immediate evaluation and mitigation of seismic hazards. The usefulness of the new tools for monitoring seismic activity in Eastern North America is explored.
DOMAIN ANALYSIS MODELS FOR REFINING SEISMIC SOURCE PARAMETERS
YACOUB, Nazieh K.532 Lanternback Island Derive, Satellite Beach, Florida, 32937 Current state of the art time-domain seismic analysis procedure entails 3 measurements; first break (FB) arrival time, maximum signal amplitude, and its period. Measured FB arrival times are applied to determine sources location parameters, and measured amplitudes and periods are applied to determined sourcs magnitude. As it stands, analysis procedure is limited in scope to impulsive phases with sharp clear discernible onset arrival times, and preferably high signal to noise ratio, otherwise the analysis is an interpritive art depending on analyst experiance. Frequency-domain seismic analysis approach permits in depth look of seismic signals as function of amplitude, frequency, and time, and expands analysis scope to include, impulsive phases with or without discernible FB, emergent phases such as Rayleigh and Love waves, regional phases, and low SNR. The approach applies Multiple Filter Analysis (MFA); a sliding narrow band Gaussian filters that generates monochromatic complex trace for each band. Modulus of most energy (ME) complex trace envelope among filtered traces is selected and its arrival time, amplitude and period are determined, and then processed to determine sources parameters.Time and frequency domains analyses are evaluated by determining location parameters for 27 nuclear explosions, with known ground truth, via seismic analysis models FB-H68 and ME-H68. Averaged location errors relative to ground truth, is 12 km for model FB-H68, compared to 6 km for model ME-H68, a 50% reduction in location error. Also, determined locations for 19 explosions by model ME-H68 are within the boundaries of their respective 95% coverage region error ellipses, compared to 7 determined by model FB-H68. In addition determined locations by model ME-H68 for 24 explosions are within 10 km from ground truth, compared to 13 determined by model FB-H68. Primitive P-waves ME travel time table, Y98, developed by the author, correlates well with Herrin et al 1968 (H68) , in the distance range 5 to 90 degrees, with an average origin time delay of 2 seconds relative to FB arrivals. Location errors and origin time delays for 3 explosions at 3 different nuclear test sites are determined for seismic models, ME-Y98, ME-H68 and FB-H68. Averaged location errors for the 3 explosions are: 2.621.39 km for ME-Y98 model, 4.721.34 km for ME-H68 model, and 7.322.5 km for FB-H68 model. Corresponding averaged origin time delays are: 0.450.23 seconds for model ME-Y98, 3.170.47 seconds for model ME-H68, and 2.170.52 seconds for model FB-H68. The functional form of geometrical spreading and quality factor functions are investigated for the New Madrid seismic zone (NMSZ) using recorded small and moderate earthquakes. These functions are used to model the path effect in frequency domain during the stochastic modeling. The database used in this study consists of 500 broadband seismograms from 65 events of magnitude Mw 2.5 to 5.2, recorded by the Center for Earthquake Research and Information (CERI) at the University of Memphis. CERIs broadband stations are located on different site conditions within the Mississippi embayment. The hypocentral distances of the seismograms in database vary from 10 to 400 km. The vertical components of the records are processed and used to define the path effect term in frequency range of 0.2 to 30 Hz. A hinged-trilinear geometrical spreading and frequency-dependent quality factor functions are used to describe the path term. The regression analysis using a Genetic Algorithm indicates that at distances less than 70 km the spectral amplitudes decay as 1/R, between 70 and 140 km, spectral amplitudes are approximately constant, and beyond 140 km, the attenuation is described by R 0.45 which is consistent with the theoretical studies. The quality factor function is obtained to be Q=750f 0.34 following a regression analysis. The results of this study are compared to those of Atkinson and Mereu (1992) and Atkinson (2004) . The
